Rapid urbanization in developing countries has paved way to spontaneous settlements, which are overcrowded. The aim of this work is to assess the impact of Virtual Reality (VR) on different types of sustainable construction techniques that are proposed for rural slum communities. The work mainly focuses on a walkthrough and interactions on a prototype of a sustainable housing unit in a rural slum community built with eco-friendly building materials, natural light source and ventilation.
Introduction
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The slum houses are sheer substandard shelters made from scrap materials like metal sheeting and wood, most often deprived of basic amenities. To better the living conditions of these shanty settlements, a prototype cluster design was worked out using sustainable practices and locally available building materials. Virtual reality will be an ideal platform that can facilitate the end-user and the policy makers to experience the real feel of the space, without the actual structure being constructed. Unity 2018.3.12f1 was used along with HTC Vive VR setup.
Methodology
The 3D model was developed based on the results of a case study conducted at a slum area in Karnataka, India. Aiming at sustainability, the model was designed using Autodesk Revit by taking into close consideration of environment friendly materials, space utilization, climate and developmental expenses. Further, the model was exported to Autodesk 3ds Max, a fbx file was created and finally imported to Unity. Directional light, normal maps for the building materials and particle system (smoke) were added to enhance the realism in the environment. SteamVR's prefabs such as teleportation and grab were used to navigate and interact with the environment. Initially the user can embark on a walkthrough of the rural slum area, have a feel of the presently used building materials as depicted in Figure 1 . The user can make use of the trigger button of the controller to grab the object, and trackpad to teleport to the specific teleportation points placed all over the environment. Next, the user will experience a walkthrough of the proposed sustainable prototype (Figure 2 and 3) , discerning the building materials clearly from the slum houses [Al-Adhami, Ma, and Wu 2018]. Figure 4A describes the way the user can have a close look at the material with the display of its calculated U-value (thermal transmittance) which shows a low value for sustainability and observe the construction techniques [Whyte, 2003] .
Figure 3: The courtyard of the cluster

Figure 4: A) VR experience of the user observing the building material and placing a brick in the virtual environment and B) the user interacting with the door handle
There are couple of state machines, which were implemented in the development of the interaction in the prototype (building unit) using the interaction patterns. 1) User while entering the house; the user should teleport near the house door. Next, he should use the door handle to open the door lock, which allows the door to be pushed using the controller as shown in Figure  4B . 2) Permits the user to place the bricks in a vertically crossed way as shown in Figure 4A , describing the sustainable construction technique. In the first state, the user should teleport near the bricks pile, then grab one of the bricks and place it in the same way as the other brick, which is positioned vertically. He can place the brick only in a 45° angle, acting as a ventilation to the housing unit where the smoke can easily pass out and allows enough light to fall in the building unit room, as presented in Figure 5 . The end-user can appreciate any desired view of the constructed model closely and get an impression of it, also enabling the visualization in terms of building materials and construction. The user has the option to modify or change the material of the model and many more. These modifications could be done instantly and at a low cost without actual construction in the real world. VR thus aids to communicate to the user -from sophisticated details to large-scale spatial interpretations in an immersive way to provide a considerably better understanding than otherwise could have been realized.
Conclusion
As the immersive aspect of the virtual reality plays a key role in making an application feel realistic and provide the user a much better realistic experience, the use of this technology in various kinds of fields is feasible [Jerald, 2016] . The author justifies that as the size of the project increases with the increase in design reuse, virtual reality can be an optimal solution which will provide the way for instant modification, minimal labor work, lesser cost, a better sustainable solution and reduced risk of life. The two state machines discussed previously in this work shows how the sustainable construction can actually be performed with the help of virtual reality. The prospective work is proposed on visualizing the thermal comfort, site planning and cognitive behavior of rural dwellers.
